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L PURPOSE 


The purpose of this investigation is to determine whether the New York State Department of 
Transportation preference for encasement of high pressure gas and hazardous liquid transmission 
pipelines crossing under state highways is necessary and appropriate. This investigation is based upon 
federal and state regulations, professional organization policies and guides, available research results, 
accident investigations, and practices in use by other similar agencies. For the purposes of this report, 
high pressure shall mean operating pressures exceeding 200 psi. 


This investigation is not intended to address or be applied to the encasement of water, sewer or any 
other utilities crossing under state highways. The risks and problems associated with other utilities are 
entirely different than those presented here. 


II. BACKGROUND 


Buried pipelines have been used to carry gas and hazardous liquid in the United States for more than 
50 years. Early pipelines were typically constructed of uncoated or asphalt coated cast iron pipe using 
bolted, bell and spigot or other mechanical type joints. These early pipelines lacked the strength to 
withstand induced loads from road and/or rail traffic above the buried pipe. Casings under highway 
crossings allowed the insertion of the carrier under the roadway without damage to the joints. Advances 
in metallurgy and manufacturing processes as well as improved construction techniques have produced 
pipelines today that are far superior to those early pipelines. 


A typical transmission pipeline today is constructed of high strength, epoxy coated steel carrier pipe 
which is joined using full penetration welding techniques. The term "carrier pipe" refers to the pipe that 
carries the product, and the term "casing" refers to a separate, larger pipe that is in some cases installed 
in the ground, and the carrier inserted into it. Figure 1 illustrates typical installations and further 


identifies some of the terms to be used in this report. Plastic pipelines are limited by USDOT to 100psi, 
and therefore will not be discussed here. 
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Figure 1. Typical Cased Pipeline Crossing at a Highway 
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Natural gas is an explosive, odorless and colorless gas which is lighter than air. Chemical odor- causing 
additives are typically added by transmission or distribution companies to aid in leak detection. Natural 
gas is typically transported from the production point within a transmission pipeline at pressures of 200 
to 1200 psi. The pressurization process for natural gas typically occurs at widely spaced compressor 
stations, increasing the temperature immediately downstream of the station to approximately 80 to 140 
degrees. 


Propane is an explosive gas that is heavier than air. Propane is typically stored and transported in a 
compressed liquid state and vaporizes into a white mist upon release to the atmosphere. Because it is 
heavier than air and will flow across the ground and collect in low points, propane is particularly 
hazardous. 


Kerosene, gasoline and other liquid petroleum products are typically transported at much lower 
pressures than gaseous materials due to the relative incompressibility of liquids. These liquids are often 
extremely flammable and pose a much greater and longer lasting environmental threat to surrounding 
communities than gas products. 


CORROSION 


Corrosion can be thought of as the movement of electrical current. At points where current discharges 
from a metallic structure, it takes metal with it. This is where corrosion will occur. The conditions 
which must be present for a corrosion cell to operate are as follows: 


There must be an anode (current discharges-material corrodes) and a cathode (current 
enters-material does not corrode) with an electrical potential between them. 


There must be a metallic path connecting the anode and cathode. 
The anode and cathode must be immersed in an electrically conductive electrolyte. 


In a buried pipeline, there are several circumstances which can cause these conditions to be present. The 
conductive electrolyte is provided by the soil and groundwater surrounding the pipeline. The metallic 
path is provided by the fact that the pipeline is continuous. 


The first condition can occur in several ways. Different metals have electrical potentials with respect 
to each other. When they are in contact and surrounded by a common electrolyte, one will be anodic 
and corrode to the other, cathodic. Other ways the first condition can occur are when the pipeline 
passes through different types of soils with different oxygen contents, or old pipe is connected to new 
pipe. In each of these circumstances, one section of the pipeline will differ in electric potential from 
the other. 


Buried pipelines are protected from corrosion by “cathodic protection". The idea is to make the 
pipeline act as a cathode at all locations. In order for cathodic protection to work, the same conditions 
necessary for a corrosion cell must be present. Cathodic protection does not eliminate corrosion, but 
rather transfers it to a known and controlled location. 
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Figure 2. Corrosion and Associated Current Flow due to 
Potential Differences Along an Underground Pipeline. 


CATHODIC PROTECTION 


A cathodic protection system is required for a transmission pipeline by the USDOT Office of Pipeline 
Safety as outlined in 49 CFR Part 192, Subpart I. There are two types of cathodic protection systems, 
impressed current and sacrificial anode. 


An impressed current system consists of an AC current source (electric distribution system), a rectifier 
(converts AC to DQ), an anode bed and a return path (ground) from the pipeline to the rectifier. A 
Current is induced from the rectifier to the ground bed, then through the soil toward and onto the pipeline. 
This current flow is in the opposite direction to the current that naturally occurs between anodic sections 
of a pipeline and the soil. It is this reversal of the current (electron) flow that prevents corrosion of the 
pipeline. This system uses a larger current (electron) flow than a sacrificial anode system to protect many 
miles of pipeline from a single rectifier. A rectifier system is often en for the protection of a large 
interstate pipeline. 


A sacrificial anode system relies on the natural electric potentials of dissimilar metals rather than 
artificially "impressing" current. This system consists of a larger number of sacrificial anodes than found 
in an impressed current system. These anodes are also connected to the pipeline at closer intervals 
(measured in hundreds of feet). Sacrificial anodes may also be placed in banks of 5 to 20, at 20 to 30 
feet spacings, with 1,000 to 5,000 feet between banks. The anodes consist of a material such as zinc or 
magnesium that is naturally anodic to (having a lower electric potential than) the steel in the pipeline. 


Psi 


. hy di A 
nk we salfaic | 10tani st op" & 
aay 


ny 


aol 


prey ta 7 age TK CY omer 


‘a ' a 


| 
= 


“last = (imoteve motundieelty once ‘S) oe SuioR nares, 
ney ovvy = on oncls nas Aa rnrit (ie mony) thine a) 
Ay = sulhvoni aise Drewes Lint oat dy uersti ont fan} 

aS SIG area! Vy ieorverueey pache dts ea 
2 erneverny wad “98 if (huis sa) at a 
aE aicrhxor th Lay AS am & reals sa (a 
“at WW A haps aa son 


é . 
a4 ue) 


movite: rath sis ngif ig adioencly atth: ‘ale hes ee 20 

at: sobona beat ifn as et pe % 

cleviemal ageqls + Apr ag rhe ab con shia? 
¢ 4 OF OK od Be eat ik 
3 alla Ma ream inteanset bb ta 
“ logy ort it facta a ‘a 





Both of these types of cathodic protection systems force current onto the pipeline at all locations where 
steel is exposed to the soil. Modern pipelines are installed with coatings over the steel. If the coatings 
were 100% perfect, the impressed current or sacrificial anodes would not be necessary. A properly 
selected and applied coating should be better than 99% effective. Bare steel pipelines could be protected 
but would require much more current than a coated pipeline. The function of a corrosion engineer is to 
design a cathodic protection system that best combines pipeline coatings and current sources to 
economically achieve a cathodically protected state with the desired design life. 


In locations where buried pipelines run parallel to or under overhead high voltage electric transmission 
lines, the pipe picks up electrical charge, known as "step and touch" voltage. This difference between the 
potential of the pipe and soil can cause a shock if someone touches the pipe. A thin (1/4") zinc ribbon 
is often installed in the same trench as the pipeline. This ribbon serves dual purposes, zinc is anodic to 
steel and functions as the cathodic protection system, and the zinc ribbon also drains current from the pipe 
and raises the potential of the surrounding soil, reducing the "step and touch" voltage. The industry 
standard is to limit this difference to 15 volts at locations where a person could touch the pipe. 


The dimensions and details of systems listed above should be considered illustrative only, and are not 
intended to be design guidelines. There are many other factors which must be considered in determining 
the number, size and interval of anode installations, including amount of steel to be protected, 
effectiveness of the coating, and soil resistivities. 


The presence of a casing has proven to be a major obstacle to the successful operation of a cathodic 
protection system. The casing eliminates one of the conditions necessary for a cathodic protection system, 
the electrolyte (soil) surrounding the carrier pipe. The absence of the electrolyte prevents protective 
current from reaching the carrier pipe. This also eliminates one of the conditions necessary for a 
corrosion cell. If the carrier pipe remains perfectly isolated from the casing pipe, and no electrolyte (soil 
or water) gets into the annular space, there is no corrosive environment. However, this is often not the 
case a few years after installation. Contact between the carrier and casing pipe (electrical short) can occur 
due to uneven settlement. Insulating spacers can be crushed or they may have been bunched up at one 
end during installation. Water can collect in the annular space between the casing and carrier due to 
condensation of air that enters through the vent piping. The installation of casing seals is designed to 
keep water out of this space, but it is not always effective. 


If contact between the carrier and casing occurs, the casing pipe acts as a very large area of bare steel, 
drawing a large amount of cathodic protection current away from the carrier pipe outside the casing and 
causing the anodes to deplete rapidly. 


Another potentially corrosive condition exists when an electrolyte (water or soil) enters the annular space 
between the casing and carrier pipes. If the annular space is filled, and remains filled with groundwater, 
the cathodic protection system will continue to function because the protective current will flow through 
the casing pipe and the electrolyte to the carrier pipe. However, "If the groundwater level fluctuates, the 
alternating wetting and drying at the oxygen-rich interface of exposed steel and the fluctuating electrolyte 
level can result in severe atmospheric corrosion attack." (GRI-—88/0287) 

















‘ j 
+f) { 
Diets Soa 
et fol bh 
of A 
& oi ¥ i 


wi ned 
cera uy: 
ysdncd atest | 
eae re a " il tat 

bai hy mes 
Moat lai ins FRETS 


nrdengiwreaaz3 saiieala eaihov dah farsa ANE ae 
ait gepawctac’ sopra lb elt auclere ‘saute vert. i ; 4 
Gini sky CAY nists 4 cari tey | ett cantor Si se: i on , ora ater fei Va weiss Aas i ef 
Oo) vibone Ri oar Ba stat intl yaraot q ean or yien inte 
MOY Slt WC Soe dalerioele regent aa : yay ala pag 
wack otT .epetow “tone bad qn” ediy Oe ee ne OE ee, eee 
A TD FOS mah PORTO bpp | 





diate at beefed od page ? esisive noni, ie 
DAIS eset ae isan’ iy Joanne i, Pave er an i 


. S re a r 7 - j } 7 ws - 7 ’ , : y a = eA 

7 eee - oe a A, 4 i. ‘ % ; : 

AO FEN ON IPL reutid Bemsbisugo ant ok om renee ete SEAN AG CERRY am 
'- ery i aa "a a rn ; 


aibediso s To mothers bglkeaue ort of iat 
Se NE sthodtea 8 wit aye «tani doenaaeriibamadi sas sey es brits sara 
aon teaver sama st > Saco AA Sa Ae ) elms ah 
c (vessels Yao eta i wipe at Ww seo payed es nthe 5, eh tating b gta mage : an 
jue) ) aylonzals On Das oig grtiana orff ator estenl bog, erie WE ext ot me 
nit ion titio ai eit revewokl Joomnotives aiie Shae gta 
' 29205 aes ros Leorsty me) og Std Die 4 oe rps 
iO 78 Gu Dato mood ov af vert yard wo bedarthe 
of jut) tatoo bes poder ‘ast anoiebed “emai 7 SLAM OO AB OGEY aay walk en my 
cH Dainiesd af 2 tot Grtians, ky oy reradbosyed arr owt ni ! my nat se " : ees a Wotksaacbate bein 
a uP 7 rm ai bog ae ae . oy % FE NES soll’ 2 hs . oy 
ae i ioe a 
ote sted To ara oyiel yen ag ie ay gilts sie 
irre (MRBD on shtzge 2 id retrws oh sag Yawa i ray ty . 





708 a | a 


mky iw i 










"yh? Yak ft way 
ae ENA ane para 
; wie oa ¥ Sele, we i en 


f "hh a ny: ay a itty 7 
at | ie ae ees fae 
onage sles: ll meena Alia 30 qatpve) yefoasake a | roger Todt 
451% wad ataisext , ie Bh aie ase him shot ob x aT ti : ‘ x WOE RM m al . ” : ve ee | 
oh was ‘wralt eid Tedieas Sil coe cult | pa p anes ae Matta Lp iyo GOES wore ok 


Atmospheric corrosion can be easily overlooked or underestimated as a cause for concern on a buried 
pipeline. Atmospheric corrosion, upon careful examination, can be identified as a threat to pipeline 
integrity and safety. A buried pipeline becomes exposed to atmospheric corrosion when vents are 
installed on the ends of casing pipes at highway or railroad crossings. Vents allow the accumulation of 
moisture within the annular space under certain atmospheric conditions. A buried pipeline operating at 
a lower than atmospheric temperature will form condensation on its surface within the casing, which 
promotes corrosion. 


If both conditions exist, a metal—to—metal electrical short and an electrolyte in the annular space, cathodic 
protection current will flow along the casing pipe to the point of contact with the carrier. The current 
will take this path instead of through the electrolyte to the carrier because the casing pipe provides a 
lower resistance path. Current would not be going to the carrier pipe inside the casing in contact with the 
electrolyte. instead, current would tend to discharge from the carrier pipe onto the inside of the casing 
pipe, i.e. the carrier would corrode. 


Placement of dielectric (conductive) electrolyte in the annular space is sometimes used as a method of 
keeping the carrier pipe and casing electrically connected and all points on the carrier pipe in contact with 
an electrolyte — a necessary condition for effective cathodic protection. The dielectric material is a waxy, 
petroleum—based material. Failure of the casing or the end seals may result in release of the dielectric 
to the environment, which is an environmental hazard. This is a realistic possibility in this design because 
current is discharging on the inside of the casing pipe as it enters the electrolyte. A corrosion leak 
eventually forms from the inside of the casing outward. Filling the annular space with a dielectric 
material is sometimes done to correct a shorted condition. This remedy is preferable to a shorted casing, 
but should not be considered a preferred design method for a new cased installation. 
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Figure 3. Effects of Casing Conditions on Cathodic Protection 


INSPECTION 


The primary method of inspection of pipeline for corrosion damage is through the monitoring of pipe-to- 
soil electrical potential, which is required under Title 16 to be conducted annually, at intervals of not 
more than 15 months. The presence of a casing prevents the effective evaluation of the pipeline 
integrity through the use of pipe-to-soil electrical potential measurements. Visual inspection of carrier 
pipes for damage due to corrosion is prevented by the presence of a casing under a highway crossing, 
as well as the presence of the highway itself. 
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Il. STATE OF THE PRACTICE 


AMERICAN ASSOCIATION OF STATE HIGHWAY AND TRANSPORTATION OFFICIALS 
(AASHTO) 


AASHTO has historically been the source of much of the valuable published research and guidelines 
relative to highway design and construction. Three separate AASHTO publications directly influence the 
encasement issue. The first is "A Policy on the Accommodation of Utilities on Freeway Rights—of—Way", 
1969 and 1982. The second is "A Guide for Accommodating Utilities Within Highway Rights—of—Way", 
1969 and 1981. There is no substantial difference between the original and revised version of either of 
these two documents as they relate to encasement of pipelines. The third publication is "A Policy on 
Geometric Design of Highways and Streets", 1984, 1990. None of these publications makes any specific 
recommendation on the use of casings, but rather states that while an arbitrary requirement for casings 
may be unnecessarily expensive, it is not wise to waive casing requirements in all cases. 


FEDERAL HIGHWAY ADMINISTRATION 


The Federal Highway Administration (FHWA) has adopted, in succession, the AASHTO publications "A 
Policy on the Accommodation of Utilities on Freeway Rights-of-Way" and "A Guide for 
Accommodating Utilities Within Highway Rights—of—Way”. The historic position of the FHWA was to 
strongly recommend encasement of natural gas pipelines crossing highways. FHWA has benefitted from 
experience and input from state highway agencies, as well as from pipeline companies, and consequently 
its position has evolved with the introduction of new technologies and successful practices. FHWA 
currently has no written policy on the encasement of natural gas pipelines under highway crossings, and 
no longer recommends the use of casings, but rather defers to state highway agencies to follow practices 
which are appropriate to the prevailing local conditions, practices and regulations. 


FHWA allows absolutely no cutting of pavement on interstate highways for the purpose of installing 
utilities and continues to encourage the use of casings under interstate highways. The FHWA 
recommendation for the use of casings under interstate highways is due to technical constraints on 
installation. The crossing of an interstate highway is typically much longer, often by an order of 
magnitude, then the crossing of a two lane state highway. The design of a crossing under an interstate 
highway is often controlled by the allowable pipe stresses induced during the installation process, whether 
it be jacking or tunneling. For this reason, casings are sometimes required under interstate highways in 
areas where they are not required elsewhere. A more advanced trenchless technique, such as horizontal 
directional drilling, would remove most of the technical constraints associated with a longer crossing, but 
has limitations of its own. 
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NATIONAL TRANSPORTATION SAFETY BOARD 


A total of five accidents involving transmission pipelines were reviewed in accident investigation reports 
published by the National Transportation Safety Board (NTSB). Not all accidents or problems are 
reviewed by the NTSB, but the list is an indicator of serious problems. Of the five pertinent accidents 
reviewed, four occurred inside a casing at a highway crossing and the fifth occurred at a point within 
30 feet of a casing at a highway crossing. A brief review of each accident is found in Appendix A. 


TRANSPORTATION RESEARCH BOARD - 
NATIONAL COOPERATIVE HIGHWAY RESEARCH PROGRAM 


The Transportation Research Board, through the National Cooperative Highway Research Program 
(NCHRP) has funded several investigations into the issue of encasement of natural gas pipelines crossing 
under highways. Two of the most important and relevant publications by NCHRP are "Encasement of 
Pipelines Through Highway Roadbeds", 1983 and "Protection of Pipelines Through Highway 
Roadbeds", NCHRP Report 309, July 1988. These reports summarize the requirements of many 
international, national and state agencies, and also present the positions of many pipeline operators and 
utilities. The summary of findings in NCHRP Report 309 states "Each crossing should be evaluated 
as the unique situation that it is. All methods available to provide protection, including the use of casing 
pipes, should be considered." 


AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


The American Society of Mechanical Engineers (ASME) publishes An American National Standard 
Code for Pressure Piping, which is accredited by the American National Standard Institute (ANSI). The 
two pertinent codes are B31.8-1982 and B31.4-1979, which deal with gas and liquid petroleum piping 
systems, respectively. ASME/ANSI B31.8-1982 states: 
"862.117 Casings. The use of metallic casings should be avoided insofar as possible from a 
corrosion control standpoint. However, it is recognized that installation of metallic casings is 
frequently required or desirable to facilitate construction, as an economical method of protecting 
existing pipelines, to provide structural protection from heavy or impact loads, or both, to 
facilitate replacement as required by government agency and as required by the landowner or 
permit grantor, and for other reasons...." 
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NEW YORK STATE PUBLIC SERVICE COMMISSION 


The New York State Codes, Rules and Regulations (NYCRR), Title 16, Department of Public Service, 
Part 255 governs the transmission and distribution of gas. This regulation correspond directly to the Code 
of Federal Regulations, Title 49, Part 192. NYCRR 16 §255.105 requires that all uncased installations 
use a reduced design factor (F). This reduced design factor would correspond to a more densely 
populated area for a cased installation. The design factor reduction results in a more conservatively 
designed carrier pipe in the case of an uncased crossing than if a casing had been used. 


NEW YORK STATE DEPARTMENT OF TRANSPORTATION 


The New York State Codes, Rules and Regulations (NYCRR), Title 17, Department of Transportation, 
Part 131 governs the installation of underground utilities within the state highway right-of-way. 
NYCRR 17 §131.17 states "Underground work shall be in accordance with the AASHTO Guide" and 
"Crossover carrier pipes shall be encased ... or made stronger and more durable ... by a method 
satisfactory to the department" [of Transportation]. The "Requirements for the Design and Construction 
of Underground Utilities Within the State Highway Right of Way", Revised January 1988 states "4.02.03 
Uncased crossover carrier pipes are generally not allowed, ..." The AASHTO Guide, which is included 
as Appendix A-—9 to Title 17, specifically states that an arbitrary requirement for casings is unnecessary. 
Part 131 is under revision to remove any wording that indicates a preference for cased crossings. 


The New York State Department of Transportation has a legislative mandate to provide effective and 
economical transportation services while maintaining public safety. The requirement for gas and hazardous 
liquid pipeline companies to provide encasement of pipelines crossing state highways has historically 
provided additional protection to the pipeline from loads and stresses applied by the roadway and live 
loads due to traffic. In the past it has been incorrectly perceived that encasement provides protection to 
the roadway surface during installation, in that it helps prevent loss of ground and roadway settlement 
or movement. 


OTHER STATE HIGHWAY AGENCIES 


A number of state highway agencies around the country were contacted in order to canvass the positions 
of other responsible agencies on casing requirements. The concentration was on those agencies listed in 
the Gas Research Institute Report "State-of-the-Art Review: Practices For Pipeline Crossings at 
Highways" as requiring casings or with extensive experience with pipelines. Two states listed as requiring 
encasement of natural gas pipeline crossings of state highways no longer require encasement. Eighteen 
other states were listed as not requiring encasement, and the majority listed the alternatives outlined in 
NYCRR Title 17, Part 131 (thicker pipe wall, corrosion coating, concrete jackets, etc.) as methods of 
providing a safe crossing design. A review of the states contacted is found in Appendix B. 
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NATURAL GAS PIPELINE INDUSTRY 


The natural gas pipeline industry has been advocating the use of uncased crossings for more than 30 
years, since the advent of improved pipeline materials and construction methods. The industry claims 
that a blanket requirement for encasement is unnecessary and an impediment to the establishment of an 
effective cathodic protection system. They also claim that history has shown failures are far more likely 
to occur at a cased crossing than at an uncased one. While it is recognized that the primary motivator 
and goal of a gas pipeline company is the generation of revenues and profit, it must also be recognized 
that it is in the best interest of a pipeline company to install and operate a pipeline that will provide long 
term service and reliability with minimal maintenance. An interruption of service in a gas transmission 
line incurs the costs of repairs and at the same time reduces revenues. The historical experience of 
pipeline companies with state highway agencies requiring encasement may cause them to abandon the 
attempt to gain approval for uncased crossings if they feel the effort is futile. 


GAS RESEARCH INSTITUTE 


To help pipeline operators accomplish their goal of maintaining a pipeline safely and economically, the 
Gas Research Institute (GRI) has been liberally funded by the gas pipeline industry. The pipeline 
industry would prefer, where appropriate, to install uncased pipeline crossings under highways, with 
a continuous cathodic protection system as required by USDOT mandate. The GRI Report "State of the 
Art Review: Practices for Pipeline Crossings at Highways", 1988, states, "Except for emergencies, 
removal of carrier pipes from casings for repairs has proven to be impractical for many natural gas 
systems." 


RAILROADS 


All the responses to the NCHRP Report "Encasement of Pipelines Through Highway Roadbeds" from 
railroads cite the same reference, the American Railway Engineering Association (AREA) Manual, 
Chapter 1, Part 5. The following quote from the NCHRP Report is indicative of the response "But it 
is certainly not worth risking the lives of the general public, railroad employees, and railroad passengers 
to find out how dangerous the elimination of casing would be." 


In March 1993, revisions to the AREA Manual were approved, effective August 1993 with the printing 
of the annual revisions, allowing the use of uncased crossings. The manual addresses specific technical 
requirements for carrier pipe with regard to specified minimum yield strength (SMYS), allowable hoop 
stresses, allowable multiaxial stresses, and minimum depth of cover. The suggested methods to provide 
adequate pipe strength at an uncased crossing are basically the same suggested by AASHTO and 
NYCRR Title 17 for use at highway crossings. 
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IV. ISSUES AND EVALUATIONS 
RAILROADS vs. HIGHWAYS 


The installation of a natural gas pipeline under a railroad bed faces the same issues as the installation 
under a highway, with the addition of the issue of loading case. The E-80 loading condition induced by 
a passing train is far greater and includes far greater impact and vibratory loading than the heaviest load 
induced by highway traffic. The installation of an uncased pipeline under a railroad is limited by the 
ability of the available pipe section to resist both static and dynamic loadings. The design of any 
crossing under a railroad should address the effects of railroad electric power and signal systems on 
cathodic protection systems as well as the effects of a potentially corrosive environment due to the 
presence of cinders and/or slag, which are commonly encountered in or near a railroad embankment. 


VENTS 


The purpose of vent pipes raised to grade as stated in NYSDOT rules and regulations is to disperse 
liquid or vapors accumulated in a casing due to a leak in the carrier pipe. Carrier pipes operating at a 
pressure of approximately 1000 psi will not develop a "minor" or "pinhole" leak as evidenced by the 
failure in Beaumont, Kentucky. The accident investigation report concluded that the catastrophic failure 
occurred as a result of a reduction in wall thickness of approximately 65%. The reduction of the entire 
wall thickness in however small a hole would likely cause a similar catastrophic failure. Therefor, vent 
pipes raised to grade will not allow the dispersal of released gas from a leak, and only provide a path 
for transmission of atmospheric changes to the "sealed" environment inside the casing. The vents allow 
condensation to collect on the surface of the carrier pipe, and allow additional deterioration of the 
carrier pipe through atmospheric corrosion. 


END SEALS 


End seals are typically constructed of a plastic or rubber based material and are attached in place around 
the end of the casing pipe with metal bands. The problem lies in providing a friction seal around the 
surface of the carrier pipe, without attaching anything by means of welding or other similar method that 
could compromise carrier integrity, while resisting large lateral earth pressures and remaining flexible. 
Seals are often found not to be water tight. 


CASING SPACERS 


Spacers are typically placed around the carrier pipe within the casing in order to electrically isolate the 
carrier from the casing. Spacers are typically constructed of a plastic or rubber material. Problems occur 
during the insertion of the carrier pipe if the spacers bind or meet an obstruction in the casing. This can 
result in the spacers bunching together at some point or breaking, leaving the carrier vulnerable to short 
circuiting due to settlement of the casing rather than isolated as the design intended. 


Some pipeline companies have attempted to reduce the deleterious effects of casing spacer problems by 
using a concrete cement coated carrier pipe within the casing as recommended in NYCRR 17 §131.17 
d.1.i1i1. The cement concrete coating is approximately 1 inch thick which provides continuous abrasion 
protection for the corrosion-preventing epoxy during installation. 
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V. RISKS 


The risks associated with dropping the blanket requirement for encasement of gas and hazardous liquid 
transmission pipelines under state highways can be separated into two categories, risks to pipeline 
integrity and risks to roadway serviceability. The body of evidence reviewed and presented indicates 
that encasement does not enhance pipeline safety. Roadway serviceability will not be adversely affected 
by a change in the encasement requirement. The installation of a casing presents nearly the same risk 
to roadway serviceability that installation of an uncased carrier pipe does, therefore issues concerning 
damage or decrease in roadway serviceability should be addressed through proper installation methods 
under the permitting process currently in place. 


VI. CONCLUSIONS 


The use of encasement to provide additional strength to resist induced dead loads from a highway 
embankment or live loads due to traffic is unnecessary for a typical high strength steel pipeline. The 
replacement of an existing pipeline placed in a casing will almost always include the installation of a 
new line in order to minimize disruption of service. The use of a casing does not guarantee in any 
manner that the installation will not result in damage to the roadway riding surface. The encasement 
of a carrier pipe has potentially serious negative impacts on the cathodic protection system required of 
all new pipelines in this category. Settlement of the carrier pipe outside the casing may cause 
longitudinal bending stresses. The installation of vents on casing pipes exposes the carrier pipe to 
atmospheric corrosion processes which would not be present in a buried pipeline. 


The current state of practice and the evidence available clearly indicate that a blanket policy requiring 
or recommending the encasement of all highway crossings by gas or hazardous liquid pipelines is 
unnecessary and may not be in the best interest of public safety. The currently available pipe materials; 
fabrication, installation and inspection techniques; and improved design methodologies allow uncased 
crossings to provide adequate assurance of public safety without encasement. Current installation 
techniques provide an amount of protection to the roadway using only the carrier pipe similar to that 
using a cased crossing, without risking failed cathodic protection and increased corrosion of the pipeline 
caused by the presence of a casing. 


The New York State Department of Transportation does not have the resources, particularly in the 
Regional Offices, to adequately review pipeline design. The New York State Public Service Commission 
is best qualified to conduct the review of pipeline design with regard to operating pressures, specified 
minimum yield strength (SMYS), pipe material requirements and cathodic protection systems. 
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VII. RECOMMENDATIONS 


Based on this investigation, it is recommended that the New York State Department of Transportation 
revise the New York State Codes, Rules and Regulations, Title 17, Part 131 and its "Requirements for 
the Design and Construction of Underground Utilities Within the State Highway Right of Way", Revised 
January 1988, and delete any preference for encasement of high pressure gas and hazardous liquid 
transmission pipeline crossings of state highways. Most crossings of state highways by gas or hazardous 
liquid pipelines can be safely designed and installed without the use of a casing. Each crossing should 
be evaluated on an individual basis to determine whether encasement is appropriate or not. All permits 
issued by the Department of Transportation for pipeline crossings under New York State highways 
should be conditional upon Public Service Commission review and approval. Formal notification of the 
Department of Transportation of Public Service Commission approval should be the responsibility of 
the applicant. 
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Monroe, Louisiana Accident 

On March 2, 1974 a 30 inch steel natural gas transmission pipeline constructed in 1956 failed inside 
a 34 inch steel casing. Escaping gas filled the annular space and exploded, creating a trench 100 feet 
long, 30 feet wide and 25 feet deep. 





A substandard girth weld failed due to unrestrained flexure inside the casing caused by soil settlement 
outside the casing. NTSB concluded "If carrier pipe with heavier walls had been installed at this road 
crossing instead of casing pipe, this failure might not have occurred" and recommended that an industry- 
wide survey on the value of casing pipelines beneath railways and highways be conducted. 


Mannassas, Virginia Accident 
On March 6, 1980 a 32 inch steel refined petroleum products transmission pipeline constructed in 1963 


failed inside a 40 inch steel casing. Approximately 336,000 gallons of aviation-grade kerosene were 
released into the environment, contaminating water supplies and wildlife refuges. 


The failure occurred at a location within a casing thinned by galvanic corrosion. The corrosion was 
caused by exposure of the carrier at a location where the protective coating had been damaged during 
installation in the casing. Groundwater had penetrated the annular space between the carrier and the 
casing, causing an electrolytic short circuit. 


Beaumont, Kentucky Accident 


On April 27, 1985 a 30 inch steel natural gas transmission pipeline constructed in 1952 failed inside 
a 36 inch steel casing. Escaping gas at a gage pressure of 992 psi exploded, creating a crater across 
State Highway 90 that was 90 feet long, 38 feet wide and 12 feet deep. Five deaths and three injuries 
resulted. 


The failure occurred at a point where the wall thickness had been reduced to 35% of the original due 
to atmospheric corrosion within a casing. Resistance measurements and potential shift cathodic surveys 
failed to detect the problem, particularly in the area of the crossing where the carrier was shielded from 
cathodic protection by the casing pipe. 


Lancaster, Kentucky Accident 


On February 21, 1986 a 30 inch steel natural gas transmission pipeline constructed in 1957 and 
operating at 987 psi failed 30 feet south of the casing pipe under State Highway 52. The explosion tore 
480 feet of pipeline out of the ground and created a crater 500 feet long, 30 feet wide and 6 feet deep. 
Eight personal injuries resulted from the incident. The presence of a large rock formation shielded the 
pipeline from the cathodic protection system. After the accident at Beaumont, Kentucky the year before 
(which involved the same pipeline company), the owner had begun an intensive corrosion monitoring 
program involving an in-line survey. The corroded area was excavated and inspected, but the company 
failed to establish guidelines under which badly corroded areas would be identified and repaired 
immediately. 
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North Blenheim, New_York Accident 

On March 13, 1990 an 8 inch steel liquid propane gas transmission pipeline constructed in 1964 failed 
inside a 12 inch steel casing. Escaping propane gas vaporized, flowed downhill and exploded. Two 
deaths and seven injuries resulted. 





The failure occurred within a casing due to stress fractures induced by the attempted repair of a shorted 
casing. As a part of the repair procedure, the carrier was excavated and exposed for approximately 70 
feet immediately adjacent to the casing. The carrier was raised several inches in order to replace a 
broken spacer and end seal and correct a short circuit due to physical contact between the carrier and 
the casing. The repair was completed and the excavation backfilled. Three weeks later the carrier pipe 
ruptured and subsequently exploded. 
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A brief summary of telephone conversations with representatives of each of the states contacted is 
presented below. 


CALIFORNIA 


Mr. Charles Howard, Right of Way Engineering and Utilities Branch, California Department of 
Transportation (CalDOT), indicated that there were no recommended design alternatives to encasement 
of natural gas pipelines in California. However, each proposal and request for a permit is reviewed by 
CalDOT on a case-by-case basis. The Chief, Utilities Branch accepts recommendations and comments 
from department personnel on the proposal, and then issues a decision based on his authority alone. This 
review has been, in the recent past, a vehicle for the acceptance by CalDOT of a large number of 
uncased crossings of pipelines under highways. 


KENTUCKY 


Mr. Donald Werner, State Utilities Engineer, Division of Right of Way/Utilities, Kentucky Department 
of Highways (KDOH), stated that no encasement was required for natural gas transmission pipelines 
crossing existing state highways. KDOH does require the installation of casings under new highways 
when a pipeline location is already determined at the time of construction. This is designed to prevent 
damage to the riding surface during installation of the carrier. KDOH has perhaps the most experience 
of any state agency in the United States, as a result of three catastrophic failures and explosions in 
Kentucky in recent years. Each failure resulted in substantial property loss and two resulted in loss of 
life. 


MAINE 


Mr. John Hicks, Utilities Engineer, Maine Department of Transportation, stated that they had very 
limited experience with natural gas pipelines, as there were a total of only three transmission lines of 
any kind in the state. Mr. Hicks stated that their policy was not to require encasement of highway 
crossings, except under an Interstate Highway. He was unsure as to where the requirement had 
originated, but felt that it was probably originally instituted by the Federal Highway Administration. 
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MARYLAND 


Mr. Joseph Bissett, Chief, Utilities Section, Office of Construction, Maryland State Highway 
Administration (MSHA), is responsible for policy regarding utility crossings of state highways. He 
stated that previously no alternatives were permitted for encasement of natural gas pipeline crossings 
of Maryland state highways. However, his predecessor, Mr. Roland Rushworth, instituted a change to 
the long standing policy, somewhat reluctantly, when presented with extensive material and research 
supporting the gas pipeline industry’s position. Since that time, MSHA has allowed consultants to 
submit technical proposals for in-house review, and has allowed uncased crossings of state highways 
when appropriate design alternatives are presented. 


MASSACHUSETTS 


Mr. Steve O’Donnell, Utilities Section, Massachusetts Department of Public Works (MassDPW) stated 
that it was their policy to require encasement of all natural gas pipelines crossing a state highway. In 
addition MassDPW requires that no natural gas pipeline be installed under a controlled access highway, 
but that rather all such pipelines cross the highway overhead at the nearest structure. This position is 
unique as far as can be determined. This information was refuted by Mr. Phillip Wells, Field Engineer, 
Boston Gas Company, in a conversation with the author at the ASCE Seminar "Trenchless Installation 
of Underground Utilities" in New York City on May 5-6, 1992. He stated that there were several 
natural gas transmission pipelines in his area running under I-495 and Route 2 west of Boston. 


VIRGINIA 


Mr. James Marston, Utilities Division, Virginia Department of Transportation (VaDOT) stated that 
VaDOT had changed its policy to no longer require encasement of all natural gas pipelines under state 
highways in the 1987/1988 time frame. The change in policy was prompted by a request from 
Commonwealth Gas Company, which provided substantial evidence to support their position that 
encasement was not necessary. VaDOT currently reviews all requests for installation of natural gas — 
pipelines under state highways on a case-by-case basis at the residency level. Guidance and/or additional 

expertise is available from their main office, much like the system currently in place here in New York. 

VaDOT still requires the encasement of natural gas pipelines under Interstate Highways, in situations 

where adequate cover over the pipe is not available, in situations where difficulties with installation have 
the potential to damage the carrier pipe, and in situations where the installation methods for uncased 

crossings are not appropriate. 
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Code of Federal Regulations (CFR), Title 49, Part 192, Subpart I. 


State—of—the—Art Review: Practices for Pipeline Crossings at Highways, Gas Research Institute, 
GRI-88/0287. 


New York State Codes, Rules and Regulations (NYCRR), Title 16, Part 255 and Title 17, Part 131. 
A Policy on the Accommodation of Utilities on Freeway Rights-of-Way, AASHTO, 1969 and 1982. 
A Guide for Accommodating Utilities Within Highway Rights-of-Way, AASHTO, 1969 and 1981. 
A Policy on Geometric Design of Highways and Streets, AASHTO, 1984 and 1990. 

Encasement of Pipelines through Highway Roadbeds, NCHRP, 1983. 

Protection of Pipelines Through Highway Roadbeds, NCHRP Report 309, July 1988. 


An American National Standard code for Pressure Piping, ASME/ANSI, Codes B31.8—1982 and B31.4— 
1979. 


Pipeline Accident Reports, National Transportation Safety Board. 


—22-— 





> 
Aaeten: 
Pyar 
NG 
Ey 





ae 
heed bok. o> aie) 
ise Sir 


an)» 


y 
Pi 


ate. > a 


es 6S oA 


" ke “f on ‘ veg 7 By coat : N ; jak ‘ ai F 2 





